ACULSR.036A PATENT 
LOW LEVEL LIGHT THERAPY FOR ENHANCEMENT OF NEUROLOGIC 

FUNCTION 

elated Application Data 

[0001] This application claims priority under 35 U.S.C. § 119(e) to U.S. 
Provisional Patent Application Nos, 60/442,693, filed January 24, 2003, 60/487,979, filed 
July 17, 2003, and 60/537,190, entitled Method for the Treatment of Depression, filed 
January 19, 2004, all of which are hereby incorporated by reference in their entireties. 
Field of the Invention 

[0002] The present invention relates to methods for enhancing neurologic 
fiinction such as may be desired in individuals having a loss of such fimction, including 
motor fimction and cognitive fimction, including that resulting from Alzheimer's disease, 
dementia, heat stroke, head trauma, depression, stroke, and neurodegeneration, as well as in 
healthy individuals, using light therapy. 
Background of the Invention 

[0003] Dementia is characterized as the loss of cognitive fiinction having a 
severity so as to interfere with a person's daily activities. Cognitive fimction includes 
activities such as knowing, thinking, learning, memory, perception, and judging. Symptoms 
of dementia can also include changes in personality, mood, and behavior of the subject. 

[0004] Dementia is a collection of symptoms that can be caused by any of a 
variety of diseases or conditions; it is not itself a disease. Although, in some cases, dementia 
can be cured by curing the underlying disease (e.g. infection, nutritional deficiency, tumor), 
in most cases dementia is considered incurable. 

[0005] Dementia is considered a late-life disease because it tends to develop 
mostly in elderly people. About 5-8% of all people over the age of 65 have some form of 
dementia, and this number doubles every five years above that age. It is estimated that as 
many as half of people in their 80s suffer from some form of dementia. The most common 
cause of dementia is Alzheimer's disease, which affects about 4 million Americans and 
appears to be increasing in firequency more than most other types of dementia. Other causes 
of dementia include AIDS or HIV infection, Creutzfeldt-Jakob disease, head trauma 
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(including single-event trauma and long term trauma such as multiple concussions or other 
traumas which may result from athletic injury), Lewy body disease, Pick's disease, 
Parkinson's disease, Huntington's disease, drug or alcohol abuse, brain tumors, 
hydrocephalus, and kidney or liver disease. 

[0006] Furthermore, people suffering from mental diseases or disorders can suffer 
from varying levels of diminishment of cognitive function that do not rise to the level of 
dementia. Additionally, generally healthy individuals may also perceive some loss of 
cognitive fimction, most commonly a reduction in the function of memory. Loss or 
diminshment of memory may occur in any of the four commonly designated phases of 
memory, namely learning, retention, recall and recognition, and may be related to immediate 
memory, recent memory or remote memory. Loss of motor function may occur as a result of 
any of a number of causes, including many of those discussed above for which there is also a 
loss of cognitive function. 

[0007] High energy laser radiation is now well accepted as a surgical tool for 
cutting, cauterizing, and ablating biological tissue. High energy lasers are now routinely used 
for vaporizing superficial skin lesions and, to make deep cuts. For a laser to be suitable for 
use as a surgical laser, it must provide laser energy at a power sufficient to heart tissue to 
temperatures over 50°C. Power outputs for surgical lasers vary from 1-5 W for vaporizing 
superficial tissue, to about ICQ W for deep cutting. 

[0008] In contrast, low level laser therapy involves therapeutic administration of 
laser energy to a patient at vastly lower power outputs than those used in high energy laser 
applications, resulting in desirable biostimulatory effects while leaving tissue undamaged. 
For example, in rat models of myocardial infarction and ischemia-reperfusion injury, low 
energy laser irradiation reduces infarct size and left ventricular dilation, and enhances 
angiogenesis in the myocardium. (Yaakobi et al., /. Appl Physiol. 90, 2411-19 (2001)). 
Low level laser therapy has been described for treating pain, including headache and muscle 
pain, and inflammation. 

Summarv of the Invention 
[0009] The low level light therapy methods for enhancing neurologic function are 
based in part on the new and surprising discovery that power density (i.e., power per unit 



area) of the light energy applied to tissue appears to be a very important factor in determining 
the relative efficacy of low level light therapy, and particularly with respect to enhancing the 
function of neurons in both healthy and diseased states. 

[0010] In accordance with one embodiment there are provided methods directed 
toward the enhancement of neurologic function in a subject. The methods include deUvering 
a neurologic enhancing effective amount of a light energy having a wavelength in the visible 
to near-infi-ared wavelength range to at least one area of the brain of a subject. In a preferred 
embodiment delivering the neurologic function enhancing effective amount of light energy 
includes delivering a predetermined power density of light energy through the skull to the 
target area of the brain and/or delivering light energy through the skull to at least one area of 
the brain of a subject, wherein the wavelength, power density and amount of the Hght energy 
delivered are sufficient to cause an enhancement of neurologic functioning. 

[0011] In accordance with one embodiment there is provided a method for 
preventing heat stroke in a subject. The term "preventing'' in this context includes reducing 
the severity of a later heat stroke in a subject that has undergone treatment, reducing the 
incidence of heat stroke in individuals who have undergone treatment, as well as reducing the 
likelihood of onset heat stroke in a subject that has imdergone treatment. The method 
includes delivering light energy having a wavelength in the visible to near-infrared 
wavelength range through the skull to at least one area of the brain of a subject, wherein the 
wavelength, power density and amount of the light energy delivered are sufficient to prevent, 
reduce the severity, or reduce the incidence of heat stroke in the subject. 

[0012] In preferred embodiments, the target area of the brain may be all of the 
brain or a specific area of the brain including, but not limited to, an area associated with a 
particular cognitive or motor function, an area exhibiting neurodegeneration, the cortex, 
and/or an area that has been affected by trauma. The subject may have a cognitive or motor 
impairment such as from neurodegeneration or the subject may be normal. 

[0013] In one embodiment, the predetermined power density is a power density of 
at least about 0.01 mW/cm^. The predetermined power density in preferred embodiments is 
typically selected from the range of about 0.01 mW/cm^ to about 100 mW/cm^, including 
from about 0.01 mW/cm^ to about 15mW/cm^ and from about 2mW/cm^ to about 
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50 mW/cm^. In some embodiments, power densities above or below these values may be 
used. 

[0014] In preferred embodiments, the methods encompass using light energy 
having a wavelength of about 630 nm to about 904 nm, and in one embodiment the light 
energy has a wavelength of about 780 nm to about 840 nm. The Ught energy is preferably 
from a coherent source (i.e. a laser), but light from non-coherent sources may also be used. 

[0015] In some preferred embodiments, the methods encompass placing a light 
source in contact with a region of skin that is either adjacent an area of the brain in which 
treatment is desired, contralateral to such area, or a combination of the foregoing, and then 
administering the light energy, including the neurologic function enhancing effective amount 
of light energy, as may be measured by power density, to the area of the brain. In delivering 
the Ught, the power density may be a predetermined power density. Some preferred methods 
encompass determining a surface power density of the light energy sufficient for the light 
energy to penetrate the skull. The determination of the required surface power density, which 
is relatively higher than the power density to be dehvered to the brain tissue being treated, 
takes into account factors that attenuate power density as it travels through tissue, including 
skin pigmentation, and location of the brain area being treated, particularly the distance of the 
brain area from the skin surface where the light energy is applied. 

[0016] In accordance with another embodiment, there is provided a method of 
increasing the production of ATP by neurons to increase neurologic function. The method 
comprises irradiating neurons with Ught energy having a wavelength in the near infrared to 
visible portion of the electromagnetic spectrum for at least about 1 second, where the power 
density of said light energy at the neurons is at least about 0.01 mW/cm^. 

[0017] In accordance with another embodiment, there is provided a method for 
treating damage or illness in the central nervous system in a mammal or human, comprising 
delivering an effective amount of light energy to an in vitro culture comprising progenitor 
cells, and implanting the cells into the central nervous system of a manunal or human, 
wherein delivering an effective amount of Ught energy includes delivering light having a 
wavelength in the visible to near-infrared wavelength range and a power density of at least 
about 0.01 mW/cm^ to the cells in culture. 



Brief Description of the Drawings 
[0018] Figure 1 is a perspective view of a first embodiment of a light therapy 
device; and 

[0019] Figure 2 is a block diagram of a control circuit for the light therapy device, 
according to one embodiment of the invention. 

Detailed Description of the Preferred Embodiments 

[0020] The low level light therapy methods for enhancing neurologic function and 
preventing, reducing the severity or reducing the incidence of heat stroke described herein 
may be practiced using, for example, a low level laser therapy apparatus such as that shown 
and described in U.S. Pat. No. 6,214,035, U.S. Pat. No. 6,267,780, U.S. Pat. No. 6,273,905 
and U.S. Pat. No. 6, 290,714, which are all herein incorporated by reference together with 
references contained therein. 

[0021] Another suitable light therapy apparatus is that illustrated in Figure 1 . The 
illustrated device 1 includes a flexible strap 2 with a securing means, the strap adapted for 
securing the device over an area of the subject's body, one or more light energy sources 4 
disposed on the strap 2 or on a plate or enlarged portion of the strap 3, capable of emitting 
light energy having a wavelength in the visible to near-infrared wavelength range, a power 
supply operatively coupled to the light source or sources, and a programmable controller 5 
operatively coupled to the light source or sources and to the power supply. Based on the 
surprising discovery that control or selection of power density of light energy is an important 
factor in determining the efficacy of light energy therapy, the programmable controller is 
configured to select a predetermined surface power density of the light energy sufficient to 
deliver a predetermined subsurface power density to a body tissue to be treated beneath the 
skin surface of the area of the subject's body over which the device is secured. 

[0022] The light energy source or sources are capable of emitting the light energy 
at a power sufficient to achieve the predetermined subsurface power density selected by the 
programmable controller. It is presently believed that tissue will be most effectively treated 
using subsurface power densities of light of at least about 0.01 mW/cm^ and up to about 100 
mWW, including about 0.05, 0.1, 0.5, 1, 5, 10, 15, 20, 30, 40, 50, 60, 70, 80, and 
90 mW/cm^. In one embodiment, power densities of about 20 mW/cm^ to about 50 mW/cm^ 
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are used. To attain subsurface power densities within these stated ranges, taking into account 
attenuation of the energy as it travels through bone, body tissue, and fluids from the surface 
to the target tissue within the brain or on the surface of the brain, surface power densities of 
from about 100 mW/cm^ to about 500 mW/cm^ will typically be required, but also possibly 
to a maximum of about 1000 mW/cm^. To achieve such surface power densities, preferred 
light energy sources, or light energy sowces in combination, are capable of emitting light 
energy having a total power output of at least about 25 mW to about 500 mW, including 
about 30, 50, 75, 100, 150, 200, 250, 300, and 400 mW, but may also be up to a maximum of 
about 1000 mW. It is beheved that the subsurface power densities of at least about 0.01 
mW/cm^ and up to about 100 mW/cm^ in terms of the power density of energy that reaches 
the subsurface tissue are especially effective at producing the desired biostimulative effects 
on tissue being treated. 

[0023] The strap is preferably fabricated from an elastomeric material to which is 
secured any suitable securing means, such as mating Velcro strips, snaps, hooks, buttons, ties, 
or the like. Altematively, the strap is a loop of elastomeric material sized appropriately to fit 
^ snugly over a particular body part, such as a particular arm or leg joint, or around the chest or 
head. The precise configuration of the strap is subject only to the limitation that the strap is 
capable of maintaining the light energy sources in a select position relative to the particular 
area of the body or tissue being treated. In an alternative embodiment, a strap is not used and 
instead the light source or sources are incorporated into or attachable onto a light cap which 
fits securely over the head thereby holding the light source or sources in proximity to the 
patient's head for treatment. The light cap is preferably constructed of a stretchable fabric or 
mesh comprising materials such as Lycra or nylon. The light source or sources are preferably 
removably attached to the cap so that they may be placed in the position needed for treatment 
of any portion of the brain. 

[0024] In the exemplary embodiment illustrated in Figure 1, a light therapy device 
includes a flexible strap and securing means such as mating Velcro strips configured to 
secure the device around the head of the subject. The light source or sources are disposed on 
the strap, and in one embodiment are enclosed in a housing secured to the strap. 
Altematively, the light source or sources are embedded in a layer of flexible plastic or fabric 
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that is secured to the strap. In any case, the light sources are secured to the strap so that when 
the strap is positioned around a body part of the patient, the light sources are positioned so 
that light energy emitted by the light sources is directed toward the skin surface over which 
the device is secured. Various strap configurations and spatial distributions of the light 
energy sources are contemplated so that the device can be adapted to treat different tissues in 
different areas of the body. 

[0025] Figure 2 is a block diagram of a control circuit according to one 
embodiment of the light therapy device. The programmable controller is configured to select 
a predetermined surface power density of the light energy sufficient to deliver a 
predeteraiined subsurface power density, preferably about 0.01 mW/cm to about 100 
mW/cm^, including about 0.01 mW/cm^ to about 15 mW/cm^ and about 20 mW/cm^ to about 
50 mW/cm^ to the infarcted area of the brain. The actual total power output if the light 
energy sources is variable using the progranunable controller so that the power of the light 
energy emitted can be adjusted in accordance with required surface power energy calculations 
as described below. 

[0026] Suitable for the methods described herein is a low level Ught apparatus 
including a handheld probe for delivering the Ught energy. The probe includes a light source 
of Ught energy having a wavelength in the visible to near-infrared wavelength range, i.e., 
from about 630 to about 904 imi, preferably about 780 nm to about 840 nm, including about 
790, 800, 810, 820, and 830 nm. Preferred probes include, for example, a single source or 
laser diode that provides about 25 mW to about 500 mW of total power output, and multiple 
sources or laser diodes that together are capable of providing at least about 25 mW to about 
500 mW of total power output. Probes and sources having power capacities outside of these 
limits may also be used in the methods according to preferred embodiments. The actual 
power output is variable using a control unit electronically coupled to the probe, so that 
power of the light energy emitted can be adjusted in accordance with required power density 
calculations as described below. In one embodiment, the diodes used are continuously 
emitting GaAlAs laser diodes having a wavelength of about 830 run. In another embodiment, 
a laser source is used having a wavelength of about 808 nm. It has also been found that an 
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intermediate wavelength of about 739 rnn appears to be suitable for penetrating the skull, 
although other wavelengths are also suitable and may also be used. 

[0027] Other preferred devices for use with the methods disclosed herein include 
those disclosed in U.S. Patent Application Serial No. 10/682,379, filed October 9, 2003, 
which is incorporated by reference in its entirety. 

[0028] Preferred methods are based at least in part on the finding that given a 
select wave of light energy it is the power density of the light energy (i.e., light intensity or 
power per unit area, in W/cm^) deUvered to tissue, and not the power of the light source used 
nor the dosage of the energy used per se, that appears to be an important factor in determining 
the relative efficacy of low level light therapy, hi the methods described herein, power 
density as delivered to a target area of the brain appears to be an important factor in using low 
level light therapy to achieve the desired clinical results. Without being boimd by theory, it is 
believed that light energy delivered within a certain range of power densities provides the 
required biostimulative effect on the intracellular environment, such that the function of 
previously nonfunctioning or poorly functioning mitochondria in neurons is enhanced so as to 
retum to a more normal state and the functioning of normally functioning mitochondria in 
neurons is enhanced to achieve better than normal functioning as well as to help the tissue be 
more resistant to the effects of excessive heat so as to prevent heat strolce or at least to reduce 
its incidence or severity, 

[0029] The term "neurodegeneration" refers to the process of cell destruction 
resulting fi'om primary destructive events such as stroke or trauma, and also secondary, 
delayed and progressive destructive mechanisms that are invoked by cells due to the 
occurrence of the primary destructive event. Primary destructive events include disease 
processes or physical injury or insult, including stroke, but also include other diseases and 
conditions such as multiple sclerosis, amylotrophic lateral sclerosis, heat stroke, epilepsy, 
Alzheimer's disease, dementia resulting from other causes such as AIDS, cerebral ischemia 
including focal cerebral ischemia, and physical trauma such as crush or compression injury in 
the CNS, including a crush or compression injury of the brain, spinal cord, nerves or retina, 
or any acute injury or insult producing neurodegeneration. Secondary destructive 
mechanisms include any mechanism that leads to the generation and release of neurotoxic 
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molecules, including apoptosis, depletion of cellular energy stores because of changes in 
mitochondrial membrane permeability, release or failure in the reuptake of excessive 
glutamate, reperfusion injury, and activity of cytokines and inflammation. Both primary and 
secondary mechanisms may contribute to forming a "zone of danger" for neurons, wherein 
the neurons in the zone have at least temporarily survived the primary destructive event, but 
are at risk of dying due to processes having delayed effect. 

[0030] The term "neuroprotection" refers to a therapeutic strategy for slowing or 
preventing the otherwise irreversible loss of neurons due to neurodegeneration after a primary 
destructive event, whether the neurodegeneration loss is due to disease mechanisms 
associated with the primary destructive event or secondary destructive mechanisms. 

[0031] The term "cognitive function" as used herein refers to cognition and 
cognitive or mental processes or fimctions, including those relating to knowing, thinking, 
learning, perception, memory, and judging. Diseases or conditions affecting cognitive 
function include Alzheimer's disease, dementia, head traimia, stroke, depression and other 
mental diseases which cause disruption in cognitive function, and neurodegeneration. 

[0032] The term "motor function" as used herein refers to those bodily functions 
relating to muscular movements, primarily conscious muscular movements, including motor 
coordination, performance of simple and complex motor acts, and the like. 

[0033] The term "neurologic function" as used herein includes both cognitive 
function and motor function. 

[0034] The terms "cognitive enhancement" and "motor enhancement" as used 
herein refer to the improving or heightening of cognitive function and motor function, 
respectively. 

[0035] The term "neurologic enhancement" as used herein includes both cognitive 
enhancement and motor enhancement. 

[0036] The term "neuroprotective effective" as used herein refers to a 
characteristic of an amount of light energy, wherein the amoimt is a power density of the hght 
energy measured in mW/cm^. The amount of light energy achieves the goal of preventing, 
avoiding, reducing or eliminating neurodegeneration, which should result in cognitive 
enhancement and/or motor enhancement. 
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[0037] The term "neurologic function enhancement effective" as used herein 
refers to a characteristic of an amount of hght energy, wherein the amount is a power density 
of the light energy measured in mW/cm^. The amount of light energy achieves the goal of 
ne\iroprotection, motor enhancement and/or cognitive enhancement. 

[0038] Thus, a method for the enhancement of neurologic function in a subject 
involves delivering a neurologic function enhancement effective amount of Ught energy 
having a wavelength in the visible to near-infrared wavelength range to a target area of the 
brain of the subject. In a preferred embodiment, delivering the neurologic function 
enhancement effective amount of light energy includes selecting a surface power density of 
the light energy sufficient to deliver such predetermined power density of hght energy to the 
target area of the brain. Likewise, a method for preventing, reducing the severity of a later 
heat stroke in a subject, reducmg the mcidence of future heat stroke, and/or reducing the 
likeUhood of onset heat stroke in a subject includes delivering light energy having a 
wavelength in the visible to near-infrared wavelength range and a predetermined power 
density through the skull to at least one area of the brain of a subject, wherein the 
wavelength, power density and amount of the light energy delivered are sufficient to prevent, 
reduce the severity, or reduce the incidence of heat stroke in the subject. 

[0039] Preferably, the predetermined power density to be deHvered to the tissue in 
accordance with the above methods is selected to be at least about 0.01 mW/cm . Li one 
embodiment, the predetermined power density is selected from the range of about 0.01 
mW/cm^ to about 100 mW/cm^. To deUver the predetermined power density at the level of 
the brain tissue, a required, relatively greater surface power density of the light energy is 
calculated taking into account attenuation of the light energy as it travels from the skin 
surface through various tissues including skin, bone and brain tissue. Factors known to affect 
penetration and to be taken into account in the calculation include skin pigmentation, the 
presence and color of hair over the area to be treated (if any), and the location of the affected 
brain region, particularly the depth of the area to be treated relative to the surface. For 
example, to obtain a desired power density of 50 mW/cm^ in the brain at a depth of 3 cm 
below the surface may require a surface power density of 500 mW/cm^. The higher the level 
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of skin pigmentation, the higher the required surface power density to deUver a 
predetermined power density of Hght energy to a subsurface brain site. 

[0040] The wavelength of the hght energy is selected from the range of about 630 
nm to about 904 nm, and of course is dependent on the source of light energy used one 
embodiment, using hght apparatus including GaAIAs laser diodes, the light energy has a 
wavelength of about 830 nm. 

[0041] In preferred embodiments, the light source used in Ught therapy is a 
coherent source (i.e. a laser), and/or the light is substantially monochromatic (i.e. one 
wavelength or a very narrow band of wavelengths). 

[0042] To treat a patient, including those suffering from neurodegeneration or a 
loss or diminishment of motor skills, cognition or cognitive or mental processes or functions, 
as well as persons having generally normal cognitive or motor fimctions (whether to enhance 
such functions or to pre-treat so as to prevent or lessen heat stroke), the light source is placed 
in contact with a region of skin, for example on the scalp, adjacent a target area of the brain. 
The target area may be an area of the brain affected by disease or trauma that has been 
identified such as by using standard medical imaging techniques, it may be a portion of the 
brain that is known to control certain functions or processes, or it may be any section of the 
brain, including but not limited to the cortex, cerebellum and other brain regions. Then a 
surface power density calculation is performed which takes into account factors including 
skull thickness of the patient, skin coloration, distance to the target site or affected site within 
the brain, etc. that affect penetration and thus power density at the target or affected site. The 
power and other parameters are then adjusted according to the results of the calculation. 

[0043] The precise power density selected for treatmg the patient will depend on a 
number of factors, including the specific wavelength of light selected, the type of disease (if 
any), the clinical condition of the subject including the extent of brain area affected, and the 
like. Similarly, it should be understood that the power density of light energy to be delivered 
to the target area or affected brain area may be adjusted to be combined with any other 
therapeutic agent or agents, especially pharmaceutical agents to achieve the desired biological 
effect. The selected power density will again depend on a number of factors, including the 
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specific light energy wavelength chosen, the individiial additional therapeutic agent or agents 
chosen, and the clinical condition of the subject. 

[0044] In preferred embodiments, the treatment proceeds continuously for a 
period of about 30 seconds to about 2 hours, more preferably for a period of about 1 to 20 
minutes. The treatment may be terminated after one treatment period, or the treatment may 
be repeated with preferably about 1 to 2 days passing between treatments. The length of 
treatment time and frequency of treatment periods depends on several factors, including the 
functional recovery of the patient and the results of imaging analysis. In some cases, such as 
where the disease is degenerative (e.g. Alzheimer's disease) or where treatment is given to a 
generally healthy patient, the treatment may continue at chosen intervals indefinitely. 

[0045] During the treatment, the light energy may be continuously provided, or it 
may be pulsed. If the Hght is pulsed, the pulses are preferably at least about 10 ns long and 
occur at a frequency of up to about 100 Hz. Continuous wave light may also be used. 

[0046] It has been discovered that treatment of stroke using low level light 
therapy is more effective if treatment begins several hours after the stroke has occurred. This 
is a surprising result, in that the thrombolytic therapies currently in use for treatment of stroke 
must begin within a few hours of the stroke. Because oftentimes many hours pass before a 
person who has suffered a stroke receives medical treatment, the short time limit for initiating 
thrombolytic therapy excludes many patients from treatment. Consequently, the present 
methods may be used to treat a greater percentage of stroke patients. Accordingly, it is 
believed that treatment to enhance cognitive and/or motor function may also take place after a 
primary event occurs in that it appears that the neural cells need only be Uving to receive 
benefit from the methods described herein. 

Example 

[0047] An in vitro experiment was done to demonstrate one effect of light therapy 
on neurons, namely the effect on ATP production. Normal Human Neural Progenitor 
(NHNP) cells were obtained cryopreserved through Clonetics (Baltimore, MD), catalog # 
CC-2599. NHNP cells were thawed and cultured on polyethyleneimine (PEI) with reagents 
provided with the cells, following the manufacturers instructions. The cells were plated into 
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96 well plates (black plastic with clear bottoms, Becton Dickinson, Franklin Lakes NJ) as 
spheroids and allowed to differentiate into mature neurons over a period of two weeks. 

[0048] A Photo Dosing Assembly (PDA) was used to provide precisely metered 
doses of laser light to the NHNP cells in the 96 well plate. The PDA comprised a Nikon 
Diaphot inverted microscope (Nikon, Melville, NY) with a LUDL motorized x,y,z stage 
(Ludl Electronic Products, Hawthorne, NY). An 808nm laser was routed into the rear epi- 
fluorescent port on the microscope using a custom designed adapter and a fiber optic cable. 
Diffusing lenses were mounted in the path of the beam to create a "speckled" pattem, which 
was intended to mimic in vivo conditions after a laser beam passed through human skin. The 
beam diverged to a 25mm diameter circle when it reached the bottom of the 96 well plate. 
This dimension was chosen so that a cluster of four adjacent wells could be lased at the same 
time. Cells were plated in a pattem such that a total of 12 clusters could be lased per 96 well 
plate. Stage positioning was controlled by a SiUcon Graphics workstation and laser timing 
was performed by hand using a digital timer. The measured power density passing through 
the plate for the NHNP cells was 50 mW/cml 

[0049] Two independent assays were used to measure the effects of 808nm laser 
light on the NHNP cells. The first was the CellTiter-Glo Luminescent Cell Viability Assay 
(Promega, Madison, WI). This assay generates a "glow-type" luminescent signal produced 
by a luciferase reaction with cellular ATP. The CellTiter-Glo reagent is added in an amount 
equal to the volume of media in the well and results in cell lysis followed by a sustained 
luminescent reaction that was measured using a Reporter luminometer (Tumer Biosystems, 
Sunnyvale, CA). Amounts of ATP present in the NHNP cells were quantified in Relative 
Luminescent Units (RLUs) by the luminometer. 

[0050] The second assay used was the alamarBlue assay (Biosource, Camarillo, 
CA). The internal environment of a proliferating cell is more reduced than that of a non- 
proliferating cell. Specifically, the ratios of NADPH/NADP, FADH/FAD, FMNH/FMN and 
NADH/NAD, increase during proliferation. Laser irradiation is also thought to have an effect 
on these ratios. Compounds such as alamarBlue are reduced by these metabolic 
intermediates and can be used to monitor cellular states. The oxidization of alamarBlue is 
accompanied by a measurable shift in color. In its unoxidized state, alamarBlue appears blue; 
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when oxidized, the color changes to red. To quantify this shift, a 340PC microplate reading 
spectrophotometer (Molecular Devices, Sunnyvale, CA) was used to measure the absorbance 
of a well containing NHNP cells, media and alamarBlue diluted 10% v/v. The absorbance of 
each well was measured at 570nm and 600nm and the percent reduction of alamarBlue was 
calculated using an equation provided by the manufacturer. 

[0051] The two metrics described above, (RLUs and %Reduction) were then used 
to compare NHNP culture wells that had been lased with 50mW/cm^ at a wavelength of 
808nm. For the CellTiter-Glo assay, 20 wells were lased for 1 second and compared to an 
unlased control group of 20 wells. The CellTiter-Glo reagent was added 10 min after lasing 
completed and the plate was read after the cells had lysed and the luciferase reaction had 
stabilized. The average RLUs measured for the control wells was 3808 +/- 3394 while the 
laser group showed a two fold increase in ATP content to 7513 +/- 6109. The standard 
deviations were somewhat high due to the relatively small number of NHNP cells in the wells 
(approximately 100 per well from visual observation), but a student's unpaired t-test was 
performed on the data with a resulting p-value of 0.02 indicating that the twofold change is 
statistically significant. 

[0052] The alamarBlue assay was performed with a higher cell density and a 
lasing time of 5 seconds. The plating density (calculated to be between 7,500-26,000 cells 
per well based on the certificate of analysis provided by the manufacturer) was difficult to 
determine since some of the cells had remained in the spheroids and had not completely 
differentiated. Wells from the same plate can still be compared though, since plating 
conditions were identical. alamarBlue was added immediately after lasing and the 
absorbance was measured 9.5 hours later. The average measured values for percent reduction 
were 22% +/- 7.3% for the 8 lased wells and 12.4% +/- 5.9% for the 3 unlased control wells 
(p-value=0.076). These alamarBlue results support the earher findings in that they show a 
similar positive effect of the laser treatment on the cells. 

[0053] hicreases in cellular ATP concentration and a more reduced state within 
the cell are both related to cellular metabolism and are considered to be indications that the 
cell is , viable and healthy. These results are novel and significant in that they show the 
positive effects of laser irradiation on cellular metabolism in in-vitro neuronal cell cultures. 
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[0054] In one embodiment, treatment of a patient includes implantation of 
progenitor cells into the central nervous system ("CNS") of the patient. Following 
implantation, the progenitor cells differentiate to form one or more cell types of the central 
nervous system. The implanted cells may serve any of a variety of purposes, including 
replacement of cells or tissues that have been irreparably damaged, repair of a portion of the 
CNS, enhance the production of important CNS neurochemicals such as dopamine, seratonin, 
endogenous opioid peptides, and the like, hnplantation of progenitor cells may be performed 
alone, or it may be done in combination with the methods of enhancing neurologic 
functioning, as described herein. 

[0055] The term "progenitor cell" as used herein refers to either (1) a pluripotent, 
or lineage-uncommitted, progenitor cell, a "stem cell" or "mesenchymal stem cell", that is 
potentially capable of an unlimited number of mitotic divisions to either renew its line or to 
produce progeny cells that will differentiate into any of a variety of cells, including cells of 
the central nervous system including neural cells such as astrocytes, oligodendrocytes, and 
neurons; or (2) a lineage-committed progenitor cell produced from the mitotic division of a 
stem cell which will eventually differentiate into a neural cell. Unlike the stem cell from 
which it is derived, the lineage-committed progenitor is generally considered to be incapable 
of an unlimited number of mitotic divisions and will eventually differentiate into a neural cell 
or other CNS cell. 

[0056] The term "differentiation" as used herein refers to the process whereby an 
unspecialized, pluripotent stem cell proceeds through one or more intermediate stage cellular 
divisions, ultimately producing one or more specialized cell types. Differentiation thus 
includes the process whereby precursor cells, i.e. uncommitted cell types that precede the 
fiiUy differentiated forms but may or may not be true stem cells, proceed through 
intermediate stage cell divisions to ultimately produce specialized cell types. Differentiation 
encompasses the process whereby mesenchymal stem cells (MSC) are induced to 
differentiate into one or more of the committed cell types comprising the central nervous 
system, in vivo or in vitro. 
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[0057] The teims "growth chamber" and "cell culture chamber" as used herein are 
used interchangeably and are to be interpreted very broadly to refer to any container or vessel 
suitable for culturing cells, including, but not limited to, dishes, culture plates (single or 
multiple well), bioreactors, incubators, and the like. In one embodiment, a cell culture 
apparatus such as is described in copending U.S. Application No. 10/700,355, filed 
November 3, 2003 is used. This appHcation is hereby incorporated by reference herein in its 
entirety. 

[0058] In a preferred culture method, progenitor cells are inoculated and grown in 
a cell culture in vitro, using preferred parameters including power density as discussed above. 
Because the light energy is applied directly to the cell culture in vitro and does not travel 
through intervening body tissue, the power density selected to be delivered to the cell is 
generally equal to the power density of the light energy as it is emitted from the light 
apparatus. If lenses, filters, dispersion gratings, or any other material lies between the light 
source and the cells, any absorption or dispersion of the Ught energy by such material should 
be taken into account and the applied light energy adjusted, if needed, to account for the 
material. In one embodiment, the treated cells are implanted following treatment. In another 
embodiment, at least some treated cells remain in culture to maintain the cell line for later 
use. 

[0059] After in vitro treatment of cells using electromagnetic energy, the cells are 
transplanted or implanted to a recipient site in a patient. In one embodiment, the treatment 
prior to transplantation or implantation includes culturing cells sufficient for implantation. 
The recipient site may be a site of injury, illness, or defect, or it may be a region of relatively 
healthy tissue. In some embodiments, the recipient site and/or the region surrounding such 
site is treated with light energy according to the methods described supra, before and/or after 
implantation to enhance the rate at which the implanted cells are integrated with surrounding 
tissue at the recipient site. 

[0060] In one embodiment, progenitor cells such as stem cells are treated with 
electromagnetic energy as noted above and then implanted into the brain of a patient, such a 
patient who is at risk for Parkinson's disease, exhibits symptoms of Parkinson's disease, 
and/or has been diagnosed with Parkinson's disease. Following implantation, the recipient 
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site is optionally treated with electromagnetic energy, including directly at the recipient site 
or through the skull at the recipient site, or some other portion of the brain, such as the 
cortex. The transplanted cells produce dopamine to treat, or lessen the symptoms and/or 
delay onset of Parkinson's disease in the patient. 

[0061] Li another embodiment, progenitor cells are treated with electromagnetic 
energy and implanted or transplanted at a site of physical trauma to the spinal cord or one or 
more nerves of a patient. Following implantation, the recipient site is optionally treated with 
electromagnetic energy. Such optional treatment may include treatment immediately 
following implantation and/or one or more treatment periods following implantation. The 
transplanted cells help repair damage to the spinal cord or nerve(s) such that the recovery or 
prognosis is enhanced in patients having implanted progenitor cells as compared with those 
who do not receive such implants. 

[0062] The explanations and illustrations presented herein are intended to 
acquaint others skilled in the art with the invention, its principles, and its practical 
application. Those skilled in the art may adapt and apply the invention in its numerous 
forms, as may be best suited to the requirements of a particular use. Accordingly, the specific 
embodiments of the present invention as set forth are not intended as being exhaustive or 
limiting of the invention. 
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